To evaluate the association between the isolated single umbilical artery (iSUA) and perinatal outcomes, including pregnancy outcomes and perinatal complications.
Background
Single umbilical artery (SUA) is characterized by the presence of one umbilical vein and the absence of one of the umbilical arteries instead of the normal umbilical cord containing one vein and two arteries (three-vessel cord), and is considered a malformation [1, 2] . Among all deliveries, SUA is the most common anomaly of the umbilical artery and its incidence is approximately 0.5% to 1% [3] . It has been previously reported that the incidence of SUA was lowest in neonates and highest among aneuploidy fetuses with the rate ranging from 9% to 11% [4] . The precise explanation for the cause of SUA is not yet fully known and the most widely accepted hypotheses includes primary agenesis or later atrophy of one umbilical artery [5, 6] .
An association between the SUA and an increased risk of fetal defects and chromosomal abnormalities has been reported [7] [8] [9] . SUA is defined as an isolated SUA (iSUA), if no additional chromosomal or structural abnormalities occurs [2] . More than 90% of cases with SUA exhibit an isolated anomaly, based a report from the Spanish Society of Gynecology and Obstetrics [10] .
A meta-analysis performed in 2013, evaluated the relationship of iSUA to fetal growth, aneuploidy, and perinatal mortality, and reported no significant association was detected between iSUA and fetal growth and perinatal mortality; with respect to aneuploidy, there was insufficient data [6] . However, a controversy exists concerning whether iSUA is associated with adverse perinatal outcomes, with other studies presenting different views [1, 11, 12] . For example, when compared to fetuses with a TVC, fetuses with an iSUA are considered at increased risk of adverse perinatal outcomes, such as perinatal mortality [1] , growth restriction [13] , preterm labor [11] , and pregnancy complication [2] .
Our meta-analysis, which focused on investigating the association between iSUA and pregnancy outcomes and perinatal complications was performed to resolve the previously observed inconsistencies and to provide a more reliable estimation of the association between the iSUA and multiple perinatal outcomes.
Material and Methods

Search strategy
We searched multiple databases, including PUBMED, MEDLINE and EMBASE for relevant literatures by using terms: "single umbilical artery" or "two umbilical vessels" or "SUA" and ("fetal" or "prenatal") and ("three-vessel cord" or "normal umbilical cord" or "control" or "two umbilical arteries" or "three vessel disease"). All the studies published in English before July 31, 2015 were included. For the overlapped studies, the ones covering the most extensive information were selected.
Inclusion and exclusion criteria
The inclusion criteria were as follows: 1) studies reporting iSUA and pregnancy outcomes; 2) participants in case group studies were singletons of at least 24 weeks' gestation with iSUA identified by ultrasound scan [5] ; 3) participants in control groups were single pregnancy with the normal three-vessel cord; 4) retrospective studies and prospective studies. The exclusion criteria were: 1) iSUA first diagnosed at birth; 2) studies were only on twin pregnancies; 3) the presence of any fetal malformation and/or marker of chromosomal abnormalities; and 4) absence of a SUA at delivery or by pathology report [14] .
Data extraction
According to the inclusion and exclusion criteria, the candidate studies were evaluated independently by two authors. In addition, we manually examined the reference lists for potentially relevant studies. The following information was extracted from the eligible studies: first author, year of publication, design type of study, study population, numbers of participants in case and control groups, age, gravidity and parity of maternal, body mass index (BMI) of neonatal, fetal gender, and perinatal mortality.
Statistical analysis
In our study, perinatal outcomes were estimated by pregnancy outcomes including gestational age at delivery, nuchal cord, and placental weight [5, [15] [16] [17] and perinatal complications including small for gestational age (SGA), oligohydramnios, 1452 polyhydramnios, pregnancy-induced hypertension (PIH), gestational diabetes mellitus (GDM), preeclampsia, and perinatal mortality [1, 2, 5, [11] [12] [13] [14] [15] 18, 19] . Gestational age at delivery was defined based on the description in a previous study [14] ; and SGA was defined as a birth weight less than the 10 th percentile [12, 15] . The statistical analysis was conducted using STATA 12 software (STATA Corp LP, College Station, Texas, USA) and p value <0.05 was considered statically significant.
In our meta-analysis, we applied the Mantel-Haenszel (M-H) fixed-effects model for the calculation of I 2 index, which was used to assess the heterogeneity among eligible studies. For dichotomous data, when I 2 index was less than 50%, the Mantel-Haenszel (M-H) fixed-effects model was adopted to calculate the OR and 95% CI. Otherwise, the DerSimonian and Laird (D-L) random-effects model was chosen. With respect to the continuous data, when I 2 index was less than 50%, the Inverse-Alteration (I-V) fixed-effects model was used to calculate the SMD and 95% CI. Otherwise, the DerSimonian and Laird (D-L) random-effects model was applied.
For the calculation of OR or SMD and 95% CI, the data from the control group (participants with a TVC fetus) served as reference). Forest plots were generated to summarize the results. An OR >1 or SMD >0 for any of the perinatal outcomes signified that, compared to TVC fetuses, there was an increased risk of a perinatal outcome of fetuses with an iSUA. Begg's funnel plots and Egger's tests were conducted to examine publication bias. The noticeable asymmetry in funnel plots provided the evidence for the publication bias and the significance level was set at 0.05 for Egger's tests.
Results
Study characteristics
Overall, 56 papers were retrieved from the three databases after the first search, from which 14 studies that were irrelevant to human were excluded. Another 27 studies that did not meet the inclusion criteria were also excluded; leaving 15 studies [1, 2, 5, [11] [12] [13] 15, 17, 18, [20] [21] [22] [23] [24] [25] included in our metaanalysis. The selection process and reasons for exclusion are described in Figure 1 . The eligible studies included two prospective studies and 13 retrospective studies. The main characteristics of all the 15 included studies are displayed in Table 1 .
Evaluation of the association between iSUA and pregnancy outcomes
The association between iSUA and pregnancy outcomes, including gestational age, nuchal cord, and placental weight, were evaluated and the results are represented in Table 2 . For gestational age, 11 eligible studies were included and the SMD was -0.145 (95% CI: -0.315-0.024, p=0.094, Figure 2A ), suggesting that the gestational age in fetuses with iSUA was similar with that in TVC fetuses and no significant association was detected between iSUA and gestational age. For nuchal cord, three eligible studies were included and the OR was 0.880 (95% CI: 0.522-1.483, p=0.234, Figure 2B ), indicating that there was no significant difference in the occurrence of nuchal cord between fetuses with iSUA and fetuses with TVC and no significant association was observed between iSUA and nuchal cord. For placental weight, two eligible studies were included and the SMD was -0.466 (95% CI: -1.097-0.166, p=0.148, Figure 2C ), which signified that placental weight in fetuses with iSUA was similar to placental weight in TVC fetuses, and no significant association was found between iSUA and placental weight.
Evaluation of the association between iSUA and perinatal complications
The association between iSUA and perinatal complications, including SGA, oligohydramnios, polyhydramnios, PIH, GDM, 
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This work is licensed under Creative Common AttributionNonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) preeclampsia, and perinatal mortality, were also estimated and the results are shown in Table 2 . For SGA, 11 eligible studies were included and the OR was 2.514 (95% CI: 1.806-3.505, p=0.000, Figure 3) , indicating that the incidence of SGA in iSUA fetuses was significantly higher than that in TVC fetuses and iSUA was associated with the occurrence of SGA. For the oligohydramnios and polyhydramnios, three and four eligible studies were included respectively; the ORs were 2.71 and 3.090, respectively (for oligohydramnios: 95% CI: 1.747-4.204, p=0.000; for polyhydramnios: 95% CI: 2.259-4.228, p=0.000, Figure 4 ). These results suggest that the incidence of oligohydramnios or polyhydramnios in iSUA fetuses was significantly higher than in TVC fetuses, and iSUA increased the risk of oligohydramnios or polyhydramnios.
For GDM, seven eligible studies were included and the OR was 1.367 (95% CI: 1.116-1.675, p=0.003, Figure 5A ), suggesting that the incidence of GDM in iSUA fetuses was significantly higher than in TVC fetuses, and iSUA increased the risk of GDM. For perinatal mortality, three eligible studies were included and the OR was 4.681 (95% CI: 2.637-8.309, p=0.000, Figure 5B ), implying that the incidence of perinatal mortality in iSUA fetuses was significantly higher than in TVC fetuses, and iSUA increased the risk of perinatal mortality. For PIH and Figure 5C , 5D), revealing that there was no association between iSUA and PIH and preeclampsia.
Sensitivity analysis
We performed the sensitivity analysis to explore the effect of a single study on the overall meta-analysis by omitting individual trials sequentially. As shown in Supplementary Figure 1 , no significant difference occurred after the omission of any study, which signified that our results were statistically reliable. 
Publication bias
Begg's plot and Egger's test were applied for the evaluation of publication bias and the results are exhibited in Table 2 .
The p values of all analyses were higher than 0.05, indicating that no significant publication bias was observed in any individual investigation that was part of our meta-analysis.
Discussion
In this study we performed a meta-analysis that included 15 studies that considered the relationship between iSUA and perinatal outcomes, including gestational age at delivery, nuchal cord, placental weight, SGA, oligohydramnios, polyhydramnios, PIH, GDM, preeclampsia, and perinatal mortality. For the pregnancy outcomes, our results suggested that no significant difference was observed between women with an iSUA fetus and women with a TVC fetus, and there was no association between iSUA and pregnancy outcomes such as gestational age, nuchal cord, and placental weight. For perinatal complications, we compared the risk of SGA, oligohydramnios, polyhydramnios, GDM, and perinatal mortality between women with iSUA and TVC fetus, all the ORs were higher than 1 and p values were lower than 0.05, implying that the incidence of these complications was correlated with iSUA, and that iSUA may increase the risk of these complications. The comprehensive analysis in our study illustrated that compared with pregnant women with a TVC fetus, women with an iSUA fetus had poorer perinatal outcomes and were more likely to suffer from SGA, oligohydramnios, polyhydramnios, GDM, and perinatal mortality.
In terms of gestational age at delivery, a study by Shilpa et al. showed no significant difference between iSUA fetuses and TVC fetuses [5] , results which were consistent with our study. As for the occurrence of nuchal cord, a retrospective cohort study published in 2014 suggested that there was no significant difference between iSUA fetuses and TVC fetuses [22] , an observation also suggested by our study. However, for placental weight, the results of two previous studies [5, 15] were opposite to that of our meta-analysis; the false positive in these two previous studies might be partially responsible for the inconsistency, and our meta-analysis might have eliminate the false positive by enlarging the sample size. With respect to perinatal complications, our results were in accordance with those of previous studies [1, [11] [12] [13] 18, 24, 25] .
A previous meta-analysis [6] showed that fetuses with iSUA were more likely to suffer from SGA and perinatal mortality when compared with TVC fetuses, even if no statistical difference was detected for the two outcomes. Yet, the results of our meta-analysis suggest that the presence of iSUA significantly increased the risk of SGA and perinatal mortality, a finding inconsistent with the previous meta-analysis. As stated in the previous study, the limited sample size might be responsible for the non-significant result. The previous study included only seven eligible papers covering 928 pregnancies with iSUA, while our meta-analysis included 15 eligible papers covering 2763 pregnancy with iSUA. Additionally, in our meta-analysis, except for SGA and perinatal mortality, we also estimated the relationship between iSUA fetuses and other perinatal complicationrelated symptoms to increase the reliability of our conclusions.
Since large or extreme heterogeneity may lead to a misleading conclusion, the degree of heterogeneity is one of the main concerns in meta-analysis. In our study, large heterogeneity existed in the analysis of gestational age (I 2 =84.2%, p=0.000) and PIH (I 2 =85.7%, p=0.000). Heterogeneity may be caused by confounding factors among different studies. We performed subsequent subgroup analysis stratified by study type for gestational age and PIH. Our results (Figures 2A, 5C ) showed that the two prospective case-control study [5, 23] might be the source of heterogeneity for gestational age; and heterogeneity for PIH might have resulted from one retrospective casecontrol study [24] . Thus, we suggest that when pooling eligible studies for meta-analysis, the heterogeneity of different study types should be considered, and subgroup analysis based on study type should be performed if sufficient data is available.
There were limitations to our meta-analysis. First, for the analysis of placental weight, only two eligible studies were retrieved; an analysis of a large sample size should be conducted to get a more reliable estimation. Second, as we discussed earlier, for the analysis of gestational age and PIH, large heterogeneity occurred, hence these results should be interpreted with caution.
Conclusions
To the best of our knowledge, our study is the most comprehensive meta-analysis evaluating the association of iSUA and perinatal outcomes. Our results suggest there is no significant association between iSUA and pregnancy outcomes, including gestational age at delivery, nuchal cord, and placental weight. In terms of perinatal complications, the incidence of PIH and preeclampsia has no correlation with the presence of iSUA, while the presence of iSUA could increase the risk of SGA, oligohydramnios, polyhydramnios, GDM, and perinatal mortality. Our results suggest that compared to pregnant women with a TVC fetus, women with an iSUA fetus have a poorer perinatal outcomes, and more attention should be paid to the management of pregnant women with an iSUA fetus.
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